Electron Density Refinement
Experimental geometries and molecular charge densities were determined through ultra high resolution measurements from Destro et. al. (d max =0 .44Å) at ambient pressure, S1 and
Macchi et. al. (d max =0.50Å) at high pressure (7.7GPa). S2,S3 Further details about the diffraction measurements and experimental determination of the electron density distribution are provided in the original literature.
S1-S3
Those high resolution X-ray diffraction data sets enable the exploitation of a full Hansen and Coppens multipolar model S4 that takes into account the perturbations of the electron density due to the chemical bonds and the intermolecular interactions. In the Hansen and
Coppens formalism, atomic electron densities are expressed as a sum of three terms:
ρ atom (r) = ρ core (r) 
The first (ρ core (r)) and the second (ρ sph val (r)) terms are spherically averaged atomic core and valence density distributions, respectively. The former is a spherical atomic distributions, while the latter is normalized to one electron, weighted by an atomic valence population P val and is modulated by a radial expansion-contraction coefficient κ (expansion for κ < 1 and contraction for κ > 1). S5 The deformation part of the valence electron density (e.g., third term in equation (1)) is expressed through angular real spherical harmonics (Y lm± (θ, ϕ)) and radial Slater-type functions that can be expressed in the following way:
(n l + 2)! κ n l r n l exp(−ζκ r)
where κ is another expansion-contraction coefficient and ζ is the Slater orbital exponent.
The weight of the spherical harmonics is given by the population multipole parameters S2 P lm± and, the more this term differs from zero, the more the angular contribution to the aspherical charge distribution is important. An octopolar level (l = 3) is usually used for carbon, nitrogen and oxygen atoms, while at least hexadecapolar level (l = 4) is commonly considered for heavier atoms (e.g., sulfur, phosphorus and transition metals). The simple bond-oriented model (l = 1) or a quadrupolar expansion (l = 2) is generally used for hydrogen atoms.
In this work, multipolar electron density models have been redetermined using the MoPro software (version 2016 S6 ), against both ambient-and high-pressure X-ray diffraction datasets. Selected crystallographic and refinement parameters are given tables S1 and S2
for ambient pressure (AP) and high pressure (HP) models, respectively.
A standard refinement strategy was followed in in the context of the AP experiment.
Octopolar expansion levels were used for carbon and oxygen atoms, while a single bondoriented dipole was used for hydrogen atoms whose thermal displacement model was kept isotropic. Symmetry and chemical equivalences constraints on electron density parameters (κ, κ , P val and P lm ) were applied at the early stages of the refinement. All of them were progressively relaxed along the course of the parameter fitting procedure, excepted the ones related to κ and κ parameters, for which chemical equivalences constraints were maintained to ensure convergence toward chemically realistic values. This modelling choice is supported by the repetition of chemically equivalent atom types in the BCA molecule. For instance, all hydrogen atoms in the BCA structure, bonded to similar sp 2 hybridized carbon atoms, can be considered as equivalents in the context of a charge density modelling. In the final refinement stage against the ambient-pressure dataset, the multipolar refinement involved a total of 481 parameters refined against 7328 observations, until total convergence.
The refinement against diffraction data collected under high pressure is less straightforward due to the lower completeness, the slightly lower resolution and the overall lower quality of the dataset compared to the one obtained at ambient pressure. Casati et. al. already emphasized the fact that obtaining a reliable electron density model in this case implied S3 choices of refinement strategy usually not followed for standard electron density studies.
S3
For the present study, the electron density model of the BCA molecule was redetermined with MoPro using electron density constraints (symmetry and chemical equivalences) which were maintained until the end of the refinement. Chemically similar atom types present in the BCA molecule allowed to unambiguously define the four following constrained groups:
the two oxygen atoms, carbon atoms bonded to hydrogen atoms, carbon atoms bonded to three carbon atoms and carbon atoms bonded to oxygen atoms. Such a constrained multipolar refinement had the advantage of allowing the concomitant refinement of the thermal displacement and the remaining charge density parameters, while at the same time avoiding too large Hirshfeld rigid bond test values. S7 In the final model, the largest thermal displacement amplitudes differences along the covalent bonds joining non-hydrogen atoms is indeed only 1.4 10 -3Å2 for the C1-C15 bond, with an average value of 6.6 10 -4Å2 for the entire BCA structure. The final refinement stage implied a total of 210 structural and constrained charge density parameters refined against 5047 experimental data. As also discussed in Casati et.
al., the resulting residual electron densities and crystallographic agreement factors (Table   S2 ) are higher than the ones expected for a standard electron density refinement. However, this does not impact the final electron density model which, on the basis of both refined parameters values, final residual ( Figure S4 and static deformation density maps, appears reliable. Table S1 : Selected crystallographic data and charge density refinement parameters for the dataset collected at ambient pressure.
S4

S1
a (Å) 9.0480 (9) b (Å) 12.66580 (10) c (Å) 9.6516(8)
94.344 (7) γ ( Table S2 : Selected crystallographic data and charge density refinement parameters for the dataset collected at high pressure.
S2,S3
a (Å) 8.6105 (3) b (Å) 11.5861 (6) c (Å) 8.6187(3)
Number of reflections 5047
Number of parameters 210
Goodness-of-fit 1.237 ∆ρ min/max (eÅ 
S8
Algorithm for the topological analysis of the DORI func- Figure S5 : The DORI isosurface (DORI(r)=f ) of the BCA molecule at ambient pressure is depicted for f =0.994 and the 28 detected merging points (and their corresponding isovalues) of the 14 covalent annulene ring C-C bonds are shown. Figure S6 : The DORI isosurface (DORI(r)=f ) of the BCA molecule at high pressure is depicted for f =0.999 and the 28 detected merging points (and their corresponding isovalues) of the 14 covalent annulene ring C-C bonds are shown. 
S11
Computational Details
Theoretical electron densities were computed at the PBE/6-311G(d,p), S8 PBE0/6-311G(d,p),
S9
and ωB97X-D/6-311G(d,p) S10 level on experimental X-ray geometries using the quantum chemistry package Gaussian09. S11 Both experimental and theoretical electron densities were stored on 20 points/Bohr mesh grid, and DORI was computed numerically on the grids using a local script available on request. Periodic DFT computations, on which Kohn-Sham equations are solved in a plane-wave basis set using the Projected Augmented Wave (PAW) method S12 were conducted with VASP code. S13 A plane wave cutoff value of 1000 eV with the PBE functional were used. The experimental cell parameters and atomic coordinates obtained from the experimental charge density refinement were exploited as input (neither atomic coordinates or unit cell parameters were optimized). The Brillouin zone was reasonably sampled with a k-point mesh of (2, 2, 2). The electron densities were represented on a 10 points/Bohr mesh regular grid, on which DORI was computed numerically.
S17
Visual representations were generated from Visual Molecular Dynamics (VMD), S14 Paraview, S15 and Blender S16 softwares. The integration of electron density inside DORI basins and the evaluation of basins volumes were achieved using DGrid-5.0.
S18
DORI plots Two-dimensional DORI maps
At ambient conditions, the BCA backbone planarity is disrupted due to the presence of the two carbonyl bridges. This effect is nicely captured by in-plane DORI representation (see (A) in Figure S7 ) where carbons cross the DORI planes at different heights: eight carbons atoms cross the DORI plane in their core regions (in red), while the rest lies below the plane, intersecting it in their valence-core separation region (visible in green). At high pressure, further stresses distort the annulene skeleton and the asymmetrization of the molecular geometry is visible in the 2D DORI representation (see (B) in Figure S7 ). The compression in the intra ring (noncovalent) charge density clashes is captured by DORI as blue ovoid shapes near ring centers, which become broader as a consequence of larger intra-ring density overlaps. 
